D values. These findings suggested that D values obtained from the described QLS measurements can be used for quantitative calculation, at least for monodisperse samples.
Conclusions
The purification of MurD exemplified the use of QLS in improving decision-making regarding pooling single eluted fractions obtained from size-exclusion chromatography. This strategy has also been successfully applied to other chromatographic techniques, such as ion-exchange chromatography (H.-J. Schonfeld, unpublished work) .
Stability measurements as assessed by QLS are useful for optimizing buffer composition or identifying stabilizing compounds such as glycerol Taken together, these methods help to increase the quality of preparations of recombinant proteins and can save time during subsequent studies such as analytical ultracentrifugation, development of enzymic assays, crystallization and high-throughput screening.
Furthermore it was demonstrated that diffusion coefficients measured with a simple commercial QLS instrument can be used in combination with sedimentation coefficients from sedimentation velocity analytical ultracentrifugation experiments to obtain reliable information about molecular mass and shape.
Introduction
The octapeptide angiotensin I1 (Ang 11) induces various responses in vascular smooth-muscle cells and rat kidney mesengial cells through seven transmembrane helix G-protein-coupled receptors (GPCR). It is involved in blood pressure regulation caused by different mechanisms [ 13. Among the angiotensin receptors the angioAbbreviations used: Ang 11, angiotensin 11; AT1 receptor, type 1 angiotensin I1 receptor; GPCR, G-proteincoupled receptor; 6, partial specific volume. 'To whom correspondence should be addressed. tensin I1 type 1 (ATl) receptor is the most extensively studied. Details about the model structure of GPCR were reported by different groups [Z-41. In these models transmembrane domains are arranged in a particular manner that allows the formation of hydrogen bonds [2, 3] . Mutational studies on the AT1 receptor published recently described those amino acids that are in contact with Ang I1 [5-71. They are components of the transmembrane domains 3, 5 and 7 or located between the transmembrane domains 4 and 5. Proposals were made concernVolume 26 ing the conformation of Ang I1 in its receptorbound form. The suggestion varies between a twisted U shape [8] and a twisted-extended form [9] . T o decide which of the proposals is justified or whether another presentation is suitable to describe the solution structure of Ang I1 we have analysed its gross conformation on the basis of the hydrodynamic mobility and theoretical calculations. The results presented here are derived from sedimentation velocity experiments of diluted Ang I1 solutions that allow us to determine sedimentation and diffusion coefficients as well as the molecular mass, volume and shape. Moreover, using the program HYDRO [lo] we are able to calculate theoretical sedimentation and diffusion coefficients for models in which the amino acids of the oligopeptide are represented by beads of a certain size and their spherical coordinates. From the agreement of theoretical parameters of the model with the experimental results we can conclude Ang I1 in solution to have on average, a rather extended shape with a slight kink. The results also agree well with computer simulations of the octapeptide with explicit water by using the program CHARMM/QUANTA.
Methodical approach
The hydrodynamic mobility of dissolved substances, such as Ang I1 (Sigma, St Louis, MO, U.S.A.) is influenced by mass and shape. It can be determined from the sedimentation coefficient (s) and the diffusion coefficient (0) by using an XL-A analytical ultracentrifuge (Beckman Instruments, Palo Alto, CA, U.S.A.). Both parameters describe the transport process of sedimenting particles during a sedimentation velocity run, given by the Lamm equation:
For this differential equation Fujita [ 113 has derived several approximate solutions allowing us to fit the radial concentration distributions of sedimentation velocity runs. By this procedure we obtained s and D simultaneously. Recently we improved one of these approximate solutions that is suitable for the analysis of small molecules with a molecular mass of 1 kDa or lower [12] .
Both parameters s and D, together with the partial specific volume, enable us to determine the molecular mass, the volume and the frictional ratio of the solute as described in [12] . By means of the latter parameter the deviation from a sphere, e.g. as an ellipsoid of revolution, can be estimated. Models were generated in which the amino acids of the oligopeptide were replaced by beads of the same size. The beads surrounded by a hydration shell were arranged in different ways. From their spherical coordinates and radii the theoretical sedimentation and diffusion coefficients of the different models were calculated with the program HYDRO [lo] . Independently of these considerations, we have modelled the peptide structure of Ang I1 with the program CHARMM/QUANTA, version 3.3 (Molecular Simulations, Waltham, MA, U.S.A.) to compare the dimensions obtained from the ultracentrifuge measurements. T o study the possible content of secondary structure CD measurements of Ang I1 were recorded on a Jasco 5-720 spectropolarimeter.
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Resu Its
To determine the sedimentation and diffusion coefficients of Ang 11, sedimentation velocity experiments were carried out at 50000 rev./min (180000g). Figure 1 demonstrates the radial concentration distribution curves at different times. The speed used for these experiments was not suitable for obtaining the meniscus concentration free of solute. Therefore for the calculation of s and D an approximate solution of the Lamm equation of the Archibald type [12] has been used. The curve-fitting procedure of such an experiment results in sZ0,,, = 0.292 f 0.003 S and D20,w = (25.15 f0.14) x lo-' cm'/s. From these parameters and a partial specific volume 6 of 0.731, mVg, the molecular mass of Ang I1 was determined as 1054f12 Da. This value is close to the theoretical one of 1046 Da, indicating Ang I1 to be a monomer under the chosen conditions. As determined earlier [12] the gross conformation of Ang I1 can be derived from the frictional ratio J" = 1.25 determined from s, D and 6. The deviation of dissolved Ang I1 from a sphere is assumed to be an ellipsoid of revolution with a maximal length of 3 nm and a thickness or maximal diameter of the peptide chain of 0.89 nm. The volume filled by this compound amounts to 1.27 nm3. On the basis of CD measurements Ang I1 has no secondary structure. Therefore the assumed conformation with the above-mentioned dimensions can be considered.
Model calculations of the octapeptide with the program QUANTA, which takes a discrete 
Concentration profiles of a sedimentation velocity experiment of Ang II
The Ang I 1 concentration was 0.6 mg/ml dissolved in 50 mM potassium phosphate, pH 7.0, containing 0. I 5 M NaCI; sedimentation was at 50000 rev./min ( I80000 g) and 20 "C. From the I 5 records used for the fitting procedure only each third was presented here. Residuals are given in 2-fold amplification. 
Discussion
From our experimental data and calculations we conclude Ang I1 in solution to have a more extended shape with a slight kink rather than a U-shaped conformation. Consequently, our results are in contradiction of the suggestions of Pierson et al. [8] and confirm the proposal of Zhang et al. [9] . However, the receptor-bound form does not need to be the same as the free form.
It is desirable to have some information on the molecular dimensions of biologically active peptides such as Ang I1 that exert physiological actions on cardiovascular regulation and fluid homeostasis by binding to type 1 Ang I1 receptors. Such actions occur in the plasma membrane of smooth-muscle adrenal and neural cells and show characteristic features of a GPCR forming three extracellular loops and three cystosolic loops.
Mutational studies on the AT1 receptor [5-71 have demonstrated His-183 to be located in the extracellular loop between helix 4 and 5; this residue, or Asp-281 from helix 7 of the AT1 receptor, is involved in binding the N-terminal Asp-1 and Arg-2 of Ang 11. Furthermore the conserved Asn-111 from helix 3 is able to interact with Tyr-4 of Ang 11, and the carboxylic group of the peptide binds to Lys-199 of helix 5.
Computer simulation taking into account the optimal packing shape of the 8-opioid receptors that is related to the AT1 receptor indicates a 7-helix bundle structure with an oval arrangement of the helices [13] . On the basis of a similar assumption for AT1 receptor structure the contact of Ang I1 with the above-mentioned critical amino acids is possible only for an extendedchain conformation of the Ang I1 peptide. Such a conformation could be one reason for the fast proteolytic digestion of the free peptide by dipeptidases. With this knowledge we can assume Ang I1 to bind to the AT1 receptor in a cleft sloping from the extracellular loop, which is in contact with the polar N-terminal amino acid Asp-1. The transmembrane helix 5 binds the carboxy group of the hydrophobic Phe-8. From
Volume 26 this consideration Ang I1 seems to penetrate approximately 2 nm into the AT1 receptor. Inoue et al. [14] have discussed the possibility of receptor activation induced by the binding of Ang 11. During this process the transmembrane helices rotate clockwise by a certain amount, leading to activation of the soluble tyrosine kinase and stimulation of the phospholipase activity. In the next steps, inositol 1,4,5-triphosphate is formed, which stimulates the release of Ca2+ from intracellular stores and influences the ion channels for C1-and Ca2+ [l]. All these events contribute to smooth-muscle cell contraction.
